A simple method of lymphography of the thoracic duct was investigated. Using three female beagles, contrast media were administered rectally, vaginally and into the perianal tissue. The administration sites were gently massaged, and imaging was carried out at constant intervals using computed tomography and radiograph. Moreover, Indian ink was administered into the rectum mucous membrane in dogs for proof of this method of lymphography, and the lymph drainage routes were observed. The investigation showed that clear computed tomography and radiographic contrast images of the thoracic duct were obtained by subcutaneous and submucosa injection of angiography contrast medium and 3D processing of these images revealed the three-dimensional positions and course of the thoracic duct and cisterna chyli.
Chylothorax is a condition in which chyle leaks into the thoracic cavity and accumulates. Symptoms include respiratory impairment, weight loss and exercise intolerance. In most cases, the etiology is unknown [4] . A number of medical and surgical treatments are currently suggested for the treatment of chylothorax. In many cases, because medical therapies are unable to resolve chylothorax completely, surgical treatment must ultimately be considered. To date, surgical treatment of chylothorax has included thoracic duct ligation [2] , pleuroperitoneal shunting [11] , thoracic omentalization [8] , cisterna chyli ablation [6] and pericardiectomy [5] , either alone or in combination with thoracic duct ligation. Thoracic duct ligation is recommended as the 1st choice among these methods [3, 5] . One possible cause for the failure of thoracic duct ligation and subsequent recurrence is the occurrence mistakes in the surgery itself, such as failure to tie all of the complex tributaries into which the thoracic duct divides [1] . The thoracic duct in dogs is known to form either a single duct or multiple tributaries within the thoracic cavity after passing through the aortic hiatus, and their courses also display a complex morphology [7] . The position and course of the thoracic duct and cisterna chyli must be confirmed preoperatively when thoracic duct ligation or cisterna chyli ablation is performed, for which lymphography of the thoracic duct is of course required [1] . Current methods for performing lymphography of the thoracic duct involve the injection of contrast medium into the mesenteric lymph nodes during laparotomy under anesthesia or contrast imaging of the thoracic duct after the injection of contrast medium into the popliteal lymph node of a pelvic limb [2, 9, 10] . However, laparotomy is an invasive procedure, and reliable results cannot be obtained by percutaneous penetration of lymph nodes when the size and position of these lymph nodes are undetermined. In the present study, beagles were used to investigate new simple sites for administration of contrast media and for obtaining lymphographic images by computed tomography (CT) or radiography of the thoracic duct, which will have clinical applicability.
Three healthy female beagles (dogs A-C) weighing 8.4-9.1 kg were used for CT imaging. Atropine (0.025 mg/kg sc) and butorphanol (0.1 mg/kg sc) as anesthetic premedication and propofol (5.5-7.0 mg ml/kg iv) were administered to induce anesthesia. The trachea was intubated with isoflurane under 100% oxygen administration by inhalation to maintain anesthesia. Each anesthetized animal was placed in the supine position for CT imaging.
Using a 26-G 5/8-inch needle, warmed water-soluble contrast media (iopamidol, Iopamiron 370, Nihon Schering, Osaka, Japan) was injected into the ventral rectum mucous membrane of dog A at a dose of 0.35 ml/kg, into the ventral vagina mucous membrane of dog B at a dose of 0.35 ml/kg and into the subcutaneous tissue surrounding the anus of dog C at a dose of 0.6 ml/kg. Next, the administration sites were massaged gently for 5 min, and imaging was carried out 1, 5, 10, 15 and 30 min after massage. The image data acquired (DICOM data) were subjecter to 3D reconstruction using OsiriX version 2.7.5 (OsiriX Foundation, Geneva, Switzerland), to read the image in the DICOM files and export it to TIFF files. The CT scanner used in this experiment was a Toshiba Asteion TSX-021B single-slice device, and the imaging conditions were as follows: 120 kV 60-70 mA helical pitch, 1.5; scan speed, 0.75 sec; slice thickness, 2 mm; and reconstruction algorithm, FC80.
One healthy female beagle weighing 8.5 kg was used for radiographic imaging. After anesthetization, contrast media (iopamidol) was injected into subcutaneous tissue surrounding the anus. The dosage was 0.6 ml/kg, and the area was massaged gently after administration for 5 min; imaging was carried out 1, 5 or 10 min after massage.
Moreover, to confirm the lymphatic vessels, anatomical observations were made using Indian ink. Two healthy beagles were used for this experiment. Warm Indian ink dissolved in physiological saline at a dose of 0.2 ml/kg body weight was injected into the ventral rectum mucous membrane of both dogs. Prior to the Indian ink injection, the dogs were given intramuscular injections of a mixture of 60 g/kg medetomidine hydrochloride (Domitor) and 2.5 mg/ kg ketamine hydrochloride to induce mild sedation. To accelerate arousal, the dogs were then given intramuscular injections of 160 g/kg atipamezole hydrochloride to reverse the anesthesia, after which they were allowed to move freely in a paddock for 30 min. They were then sacrificed by exsanguination under anesthesia with sodium pentobarbital and underwent whole-body retrograde fixation with ethylene glycol, liquefied phenol, formalin and methanol mixed in the ratio of 24:8:1:16 as a fixative solution.
After complete fixation, the absorption fields and pathways of the drainage routes were observed macroscopically and under stereoscopic microscopy. The animal facility at Azabu University has animal care and use programs that are accredited by the Office of Laboratory Animal Welfare. All procedures in this study were in accordance with the guidelines approved by the Animal Research Committee of Azabu University. The results for dogs A-C showed successful contrast observation of the contrast media passing through the lumbar lymphocenter and going through the diaphragm from the cisterna chyli to reach the thoracic duct ( Fig. 1) . After passing through the diaphragm, it was observed to run in a cranial direction slightly to the right of the midline of the thoracic cavity, but close to the vertebral body of the fifth thoracic vertebra, it was observed to change direction toward the left thoracic cavity, before which it branched into a number of fine tributaries. These tributaries were also depicted in detail by this method (Fig. 2) . A comparison of results obtained 1, 5, 10, 15 and 60 min after the postadministration massage found that contrast results were best after 1 and 5 min for all administration sites, with thoracic duct images starting to disappear after 10 min had passed, at which point the contrast medium was being visibly excreted from the kidneys to the bladder.
CT imaging at 5 min after administration of contrast media to tissue surrounding the anus enabled the course of the thoracic duct to be depicted three-dimensionally ( Fig. 3) .
Similarly, the contrast images of the thoracic duct from radiographic imaging were best at 5 min after administration and massage of the tissue surrounding the anus (Fig. 4) .
Anatomical observations after administration of Indian ink showed the development of a profuse lymphatic plexus under the rectum mucous membrane, with numerous fine lymph ducts leading from this lymphatic plexus to the lumbar lymphocenter, such as the medial iliac lymph nodes, and lymph ducts leading from the lumbar lymphocenter to the thoracic duct via the cisterna chyli (Fig. 5) . These results revealed the fine tributaries of the thoracic duct in the same way as the results obtained from the CT images following interstitial injection of contrast medium.
In the present study, clear CT contrast images of the thoracic duct were obtained by the injection of water-soluble contrast media into the ventral rectum mucous membrane, the ventral vagina mucous membrane and subcutaneous tissue surrounding the anus, and 3D processing of these images revealed the three-dimensional positions and course of the thoracic duct and cisterna chyli. To achieve successful thoracic duct ligation, the 1st-choice treatment for chylothorax [3, 5] , an accurate assessment of the thoracic duct is needed to determine the ligation site, and whether or not the thoracic duct can be clearly delineated is key to this process. Conventionally, the thoracic duct has been depicted by the direct administration of contrast medium into lymph nodes, but the comparatively well-known direct administration into the mesenteric root lymph nodes, for example, is highly invasive because it requires laparotomy [2] . Unlike conventional methods requiring procedural experience, in present method, it is possible to obtain a better understanding of individual differences in the thoracic duct more easily. Direct administration into the popliteal lymph node in a hind leg, which has recently been reported, is less invasive because it only involves injection into subcutaneous lymph nodes [9, 10] , but these lymph nodes are small and mobile, meaning that a certain amount of experience is required for administration at this site. Unlike conventional methods requiring procedural experience, in the experiments in the present study, angiography contrast medium, used clinically on an everyday basis, was injected beneath the rectal membranes continuous with the anus and the vaginal membranes continuous with the vulva, as well as into perianal tissue, all sites that are easy to approach.
Of the rectum mucous membrane, the ventral vagina mucous membrane and the tissue surrounding the anus tested in this study, the area surrounding the anus was identified as the best site for administration ( Fig. 1 ).
Choosing this site has several advantages: administration in the area surrounding the anus can be performed more easily than other sites, a higher dosage can be administered and massage can be performed easily because the administration site is on the surface. Massage was effective in promoting the lymph flow and allowed the thoracic duct to be described clearly.
In addition, 3D reconstruction of the CT images demonstrated both the three-dimensional morphology of the thoracic duct itself and its relationship to surrounding structures such as the thoracic vertebrae, ribs and thoracic aorta, while clearly depicting its course (Fig. 3) . Additional experiments performed to verify these results by tracing the lymphatic ducts with Indian ink also confirmed the same flow. When the lymphatic ducts were traced with Indian ink, ink injected into the ventral rectum mucous membrane was clearly observed to reach the lymphatic plexus, while administration of contrast media to the ventral rectum mucous membrane resulted in it passing through the profuse lymphatic plexus and converging on the medial iliac lymph nodes, after which it passed through the thoracic duct via the cisterna chyli. The results indicate that when performing thoracic duct ligation and cisterna chyli ablation as surgical treatment for chylothorax, this method is more reliable and easier for depiction of the thoracic duct and cisterna chili. At three months after administration, no side effects were observed in the animals. However, the long term side effects and side effects of continuous use require further examination.
